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Physical
or chemical changes caused by fhe pellefing process were shown 10 affecf fhe digesfibilify of cellulose wifhin range grasses. Pellefing firsf and fhird sfages of wesfern wheafgrass and liffle bluesfem grasses caused a signficanf (P<.O5) increase in in vifro cellulose digesfibilify. Chemical changes in forage sfrucfure by pelleting were suggesfed by infra-red, X-ray diffracfion and polymerizafion sfudies alfhough no change in amounf of cellulose, lignin, or profein was indicafed. No increased benefif resulfed from pelleiing poor qualify as compared fo good qualify wesfern wheafgrass or liifle bluesfem.
Many research approaches have been used in attempting to explain observed increases in feed efficiency, consumption and weight gains when pelleted high roughage rations were fed to ruminants. Contrary to the conclusion of Meyer et al. (1959) ) it was indicated by Wright et al. (1963) that increased weight gains could be obtained from pelleted hay when the intake was similar to that of loose hay. Similar net energy values have been reported for pelleted and unpelleted forages by Blaxter and Graham (1956) and Meyer et al. (1959) . Changes in rumen fermentation products have been indicated (Woods and Rhodes, 1962) . The effect of pelleting on crude fiber and cellulose digestibility is quite controversial. Meyer et al. (1959) ) Lindahl and Reynolds (1959) ) and Wright et al. (1963) reported that pelleting increased or had negligible effect on forage fiber digestibility. A depressing effect was observed, however, by Weir et al. (1959) and Woods and Rhodes (1962) . A neglected area of consideration appears to be the pellet per se, that is, the conditions of its formation and alterations in the feed components subjected to these conditions. This investigation was undertaken to determine if any physical or chemical changes caused by the pelleting process could be related to cellulose digestibility.
Experimenfal
Before initiating this research, it was found necessary to construct a small pelleting machine to provide accurate temperature and pressure control. As far as could be determined, the commercial mills in this area regulated temperature and pressure only to the extent required to produce a proper pellet These conditions could not be recorded nor could they be altered conveniently to prepare a series of small samples under a variety of known conditions necessary for this investigation.
A miniature pelleting apparatus was perfected that was capable of withstanding high temperature and pressure.
The base of the ma-196 chine, containing a thermocouple (519-CC-(C) ) , was capable of measuring temperatures over a range of minus 300 to plus 600 F (t .0075). This machine was incorporated into a Carver Laboratory Press, having a maximum output of 20,000 psi and hot plates capable of temperatures of 600 F. With this combination, satisfactory control of temperature and pressure was obtained.
The material to be pelleted was first ground in a Wiley Mill through a 40-mesh screen. Approximately 5-g samples of the roughage to be pelleted were placed in the pellet chamber. The assembled pellet machine was placed in the Carver Press and the thermocouple attached to a potentiometer, accurate to zt 1.5 F. When the required temperature was reached, the desired pressure was applied. This pressure was held for 2 min after which the maximum temperature was recorded, the pressure released and the pellet extracted.
The roughages used were first and third stages of western wheatgrass (Agropyron smithii) and little bluestem (Andropogon scoparius).
The first stage of each roughage consisted of high quality, succulent young forage harvested during May. In contrast, the third stage forage consisted of late season, dry stemmy forage harvested during July. Samples of each stage were subjected to temperatures of 120, 300 and 435 F. The pressures applied to each temperature group were 4,000, 10,000 and 16,000 psi except the 435 F. group. In the latter group pressures greater than 4,000 psi produced excessive charring. The pellets were 1 in2 in surface area and l/4 to 5/16 in thick, depending upon the pressure applied.
In Vitro Rumen Fermentation.-Two-g samples of the roughages to be tested were used to obtain cellulose digestion coefficients according to the method of Bentley et al. (1954) . The inoculum preparation and the in vitro media were similar to that used by LeFevre and Kamstra (1960) . Twin fistulated steers, serving as sources of inoculum, were fed only high quality alfalfa hay. In vitro digestion was allowed to proceed for a 48-hr period. Adjustments to pH 6.8 were made at 4-hr intervals for the first 12 hr, using a saturated sodium carbonate solution. At the termination of the digestion period, the flask contents were diluted with distilled water to 150 ml, agitated and duplicate 25-ml samples were withdrawn for cellulose analysis.
The aliquots were analyzed for cellulose content by the method. of Crampton and Maynard (1938 Potassium bromide and mineral oil cell preparations were. made from pelleted and unpelleted plant materials for comparative chemical structure analysis with the Beckman IR-5 i n f r a-r e d spectrophotometer. Both types of sample preparation were considered necessary since the pelleting pressure in making the potassium bromide pellet and the extremely fine grinding of the sample (loomesh) for the mineral oil cell might show effects above that due to experimental conditions. It was necessary to grind the plant material for 30 min in an S.S. White Almalgamator
No. 2 to obtain particles falling within the colloidal size zone (0.1 to 1.0 mu.) for suspension in the mineral oil cell. Approximately 0.2 g of this powdered material was mixed with 2 mg of mineral oil with only 5 drops of the resulting suspension being used in the liquid cell. For the potassium 197 bromide pellet procedure, 0.02 g of the forage and 0.5 g analytical grade potassium bromide were placed in an agate mortar and ground manually for 30 min. The resulting powder was dried to 105 C and stored in a desiccator until pelleted under 20,000 psi pressure in a Beckman vacuum die. Comparisons were made between pelleted and unpelleted forage material with both types of cell preparation.
In addition to these analyses, cellulose (Crampton and Maynard, 1938) ) lignin (Patton, 1943) and protein (A.O.A.C., 1955)) determinations were made routinely with unpelleted and pelleted materials.
Results and Discussion
No large differences in cellulose, lignin or protein were noted between pelleted and unpelleted western wheatgrass and little bluestem at any of the temperatures and pressures used in pelleting (Table 1) . In vitro cellulose digestibility, however, was influenced by the conditions of pelleting.
A significant (P < .05) improvement in cellulose digestibility was shown for the pelleted grasses at 120 F at 16,000 psi, 300 F at 4,000 psi and at 300 F at 10,000 psi using Dun- means were compared to the unpelleted control (Table 2) . A more detailed indication of the effect of various temperatures and pressures at two stages of each grass is shown in Fig. 1 and  2 . Raising the pressure to 16,000 psi at 300 F or raising the temperature to 435 F at 4,000 psi did not appear to provide for any further increases in cellulose digestibility above the control. Since some charring of the pellet occurred at 435 F and 4,000 psi, higher temperatures and pressures were not attempted. The effect of charring on digestibility is indicated especially KAMSTRA AND JAHN with third stage little bluestem at 435 F at 4,000 psi ( Fig. 1 and   2 The results shown in Fig. 1  and 2 indicate that each roughage and perhaps each stage of the same roughage is unique in the response to the different variations of the pelleting process. A possible explanation of this can be derived from the work of Klug and Alexander (1954) ) which showed that cellulose can exist in plants in two forms, crystalline and amorphous. Further, Siu (1956) concluded that the degree of crystallinity would affect the rate of hydrolysis by enzymes or cellulolytic organisms. Stone (1958) concluded that any treatment that would increase the proportion of amorphous regions would increase the extent of hydrolysis of the cellulose chains. An increase in the amorphous type of cellulose could not be verified by the X-ray work of Sayer (personal communication)
; however, possibilities were indicated. Pure cellulose presented a pattern of three diffraction lines at 5.8A (15.2 degrees), 5.2A (17.0 degrees), with the main line at 3.8A (23.3 degrees). With the pelleted plant tissue diffraction lines were not shown, only a rounded area over the range of 15-22 degrees, indicating a lack of true crystallinity or distorted spacings.
The examination of the molecular linkage of the holocellulose fraction of pelleted and unpelleted forages was made difficult by the presence of insoluble material (Herald, personai communication) . The greater quantity of insoluble material in whole plant samples prevented examination of this material. There appeared to be no degradation of the chain length by the pressure-heated treatment of the holocellulose fraction during pelleting.
The 16,000 psi (120 F) and 4,000 psi (320 F) , respectively. This would suggest that a decreased digestibility could be expected from pelleting forages, as suggested by Weir et al. (1959) .
The results of the infra-red spectrophotometry study were also difficult to evaluate. The intricacy of the plant material caused overlapping of peaks to produce rounded areas rather than sharp peaks on the graphic recording (Fig. 3) . The absorption curves are quite similar except for the magnitude of the PELLETING GRASSES rounded areas and peaks which could result from sample concentration differences in the potassium bromide pellet. When the potassium bromide pellets containing the pelleted and unpelleted material were compared simultaneously in the IR-5 spectrophotometer, the absorption curve shown by Fig. 4 
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by pelleting or differences in sample concentration within the potassium bromide pellets. Comparable results were obtained when the mineral oil cell was used.
Summary
Temperatures of 120, 300 and 435 F were used in combination with pressures of 4,000, 10,000 and 16,000 psi in the pelleting of first and third stages of western wheatgrass and little bluestem. Forty-eight hour in vitro digestion, X-ray diffraction studies, infra-red spectrophotometry analysis, polymerization measurement, protein and lignin analysis were conducted comparing pelleted with unpelleted forage. Significant (P < .05) improvement of in vitro cellulose digestibility was shown for the pelleted forage at 120 F at 16,000 psi, 10,000 psi. The infra-red X-ray diffraction and polymerization measurements showed that differences existed between pelleted and unpelleted forage structures but the complexity of the structures prevented definition of these changes.
No pattern of changes due to pelleting was indicated by cellulose, lignin or protein analysis.
It would appear that pelleting should improve ruminant utilization of both good and poor quality prairie grass. No increased benefit resulted from pelleting poor quality as compared to good quality western wheatgrass or little bluestem. 
